Abstract This paper explores the factors affecting sustainable usage of digital services, such as mobile learning (m-learning) applications. We define a conceptual model of digital service sustainability and its measurement indicators and criteria. We assess the conceptual model by applying it to an adaptive m-learning application, which provides theory and assessment for driving school students based on their competence and learning progress. Additionally, the application provides mandatory self-evaluation reports to instructors after each practical driving session. The application assessment focused on how students' performed the predefined tasks at a usability laboratory. The assessment was based on educational components in conjunction with user experience factors of delightfulness, adjustability, satisfaction, and reliability. The key qualitative performance aspects proved to be usercentered (e.g. individual differences in cognitive and learning capabilities), UI-focused (e.g. interaction and adaptability to screen resolution), and content-related (e.g. contextual delivery, emotional appeal, adaptability). These elements resulted in overall delightful and effortless experience. The evaluation results indicate that the user experience factors impact sustainable usage because students are emotionally attached to the application. Therefore, we suggest that emotional attachment assessment results may serve as an indicator for sustainability of m-learning applications. These results help mobile application designers to design sustainable applications.
Introduction
Smartphone usage among youths is increasing (Lee et al. 2014) at the expense of PC usage (Sung and Mayer 2012) . Turner and Turner (2013) showed that physical proximity of artefacts, such as mobile phones, is strongly associated with our feelings of attachment. This is, however, different in mobile applications, such as games, social networking, and professional tools, that are proliferating in application stores. The main difference is that the mobile phone is a physical object, which is always accessible, while the mobile application is a non-physical object that user needs to identify in the phone and run to access it. Mobile learning (m-learning) applications are competing for learners' time and attention, and they must meet learners' educational requirements while also encourage frequent use (Seong 2006 ). Moreover, m-learning applications require careful design and development considerations as they deal with learning and learners alike. This is particularly true in formal learning settings where m-learning applications are meant to be used for long periods of time.
In formal education, learners are guided by a formal curriculum which leads to a diploma and degree that is recognised by authorities (Eaton 2010) . Driving schools can be considered as one type of formal education environment. In Finland, driving school education is highly regulated teaching and learning activity. The contents of driving school education consist of theory lessons, assignments, and practical training sessions with an instructor. Driving school candidates are often young, recently graduated from upper secondary school and about to start higher education. They are very often competent smartphone users.
Our pilot study is an m-learning application that enables driving school candidates in Finland to complete compulsory theory lessons on their smartphones. Students at driving schools must study the materials, complete given tasks, and demonstrate through examination that they have learned the theory part. The application provides a selfevaluation form after each practical driving session. The instructors have the option to follow learners' progress through a reporting tool. The application also recommends follow-up lessons based on learners' competences and reading history. This functionality is a form of application adaptivity, as it personalises the application for individual learners. The design and the development of the application was published previously (Dirin and Casarini 2014) .
Implementing the pilot study application involved three distinct challenges: (1) Content preparation, (2) User interface design, and (3) Analysing and designing the user experience for sustainable usage of the application. The content of the theory lessons must comply with specific regulations. Additionally, lesson contents must be easy to comprehend, unambiguous, simple to use, and consistent across platforms. Because learners use the application for a long period of time, the application must also be sustainable.
In this study, we consider content adaptivity, application usability, and users' emotional engagement to the application to be major factors for promoting sustainable application usage. We focus on the non-functional requirements application usability and user experience, which Nielsen and Norman (2015) refer as a simplicity of a product which comes with elegance that user enjoys to own and to use. This definition suits well for m-learning applications to engage learners and educators emotionally for sustainable usage.
The term emotional engagement refers to the feeling that users construct through their emotions (Ekman 1999) and cognitive development in terms of values, trust, freedom, and ownership. In addition, emotions and thoughts are interrelated with behaviour (Ruth et al. 2002) . We are able to change and manipulate emotions through users' behaviour or ways of thinking, as can be seen in cognitive therapy (Wolpe 1996) . Postareff et al. (2016) identify three emotion clusters associated to learning, study success, and study progress: (1) Quickly progressing successful students experience positive emotions. (2) Quickly progressing successful students experience negative emotions. (3) Slowly progressing students experience negative emotions.
A prerequisite for emotional engagement is to identify various aspects of stakeholders. In this study, stakeholders are students, instructors, and the driving school's administration. The stakeholders can be identified and characterised using questions such as: Who are the actual users of the application? What motivates them? What do they aim to accomplish with the application? Such questions enable us to address not only the visible activities with the m-learning application but also elaborate on the intrinsic characteristics that delve into the reasons of using and continuing the use of such an application.
The main contribution of this study is the emotional engagement analysis (EEA) measurement criteria to measure emotional factors in m-learning applications. Furthermore, to illustrate the practical use of the EEA criteria, we apply them to evaluate a driving school application for mobile devices. Emotion according to Entwistle (1988) is the ''amount of intellectual energy typically used in learning activities and this led to a belief that motivation could been seen as a stable characteristic of the individual''. Emotional attachment motivates users which impact the overall sustainability of an m-learning application usage.
Related research

User experience
Human aspects of an application's or a service's sustainability can be associated with two factors: (1) usability (Hertzum 2010) which ensures that something is working properly, and (2) user experience (UX), which ensures that something is useful, usable, and desirable (Law et al. 2009 ). On the one hand, usability refers to how things work with attributes such as learnability (how easy it is for firsttime users to learn to handle the product), efficiency (how experienced users are able to carry out required tasks), memorability (how users remember the product usage), and error-tolerance (how the application deals with users' errors). User experience, on the other hand, refers to how it feels to work with the product. The feeling is subjective to the context and users, which often varies over the time but still is measurable. User experience includes aspects of usability despite the scope of user experience being slightly unclear (Law et al. 2009 ). However, user, interaction, artefacts, and context impact user experience (Nicolás et al. 2011) .
User experience design has recently become a complementing part to traditional HCI design. Despite several attempts to establish a common definition for the term ''user experience'', there is no agreed consensus on it. For example, Roto et al. (2010) collected 27 definitions of user experience in the Dagstuhl seminar on Demarcating user experience. Glanznig (2012) defines user experience as ''how human experiences the interaction with the technological artefact (e.g. computers, mobile phones, cameras)''. In this paper, we use Glanznig's definition of user experience as the basis and amend it with user experience factors as described below. Pu et al. (2012) recommend that optimal user experience, although left undefined, of a system can be obtained through user-centered development and evaluation. We need an approach that stretches beyond usability to user experience despite the lack of proper definition of the latter. To alleviate this, we have previously proposed the mLUX framework (Dirin and Nieminen 2015) for m-learning application design and development. The mLUX framework is based on the UCD methodology so that through scenario-based design we can ensure positive user experience already at the concept design phase.
UCD results in a functionally rich application, but it may remain insufficient to gain users' emotional engagement (Keinonen 2008) , which is necessary for sustainable usage. Emotional engagement is associated with user experience design. Hassenzahl et al. (2013) state that user experience factors help to link actions, feelings, and thinking in mobile applications. In m-learning applications, actions, feelings, and thinking play important role for application sustainability. This study demonstrates that delightfulness, reliability, adjustability, and satisfaction represent important user experience factors for m-learning applications' sustainable usage. These factors affect and link actions, feelings, and thinking in m-learning applications, yet they are not novelties in academic research across fields, as we reveal in Table 1 .
Emotional engagement and sustainability
In an m-learning environment, the context in which the user uses the application, the application's functional richness to satisfy user's pedagogical needs, and the way the user expects to have the content presented are associated with emotional engagement. Learning users' emotional expectations can help designers create applications that provide usable and positive experiences.
Measurement of emotional engagement has been a challenge for researchers. For example, Rodden et al. (2010) proposed the HEART (Happiness, Engagement, Adoption, Retention, and Task success) framework for user experience quality metrics, including also metrics for measuring emotional engagement. HEART consists of five categories: (1) Happiness: measures users' attitudes, which are often collected via a survey; (2) Engagement: measures the level of user involvement, which is typically measured based on behaviour such as the frequency of use; (3) Adaption: measures how new users are adapted to use the product; (4) Retention: measures the rate at which existing users are returning; and (5) Task success: measures how efficiently, effectively, and error-freely the tasks are performed.
Before a technology can be sustainable, it must be accepted among users. In this study, we follow Dillon and Morris' (1996) definition of user acceptance as a demonstrable willingness within a user group to employ information technology for the tasks it is designed to support. Moreover, Dillon and Morris (1996) conclude that users' acceptance of new technology depends on the user's psychology, the design process, and the user's perceived quality of the technology.
Allen and Hoekstra (1992) define sustainability as something that is not absolute, independent of human conceptual frameworks. Rather, it is always set in the context of decisions about what type of system is to be sustained and over what spatio-temporal scale. Sustainable development needs to satisfy social, economic, and ecological requirements (Brown et al. 1987) . Penzenstadler et al. (2012) noted that human sustainability is an additional demand on sustainable software development. Penzenstadler (2013) identifies four sustainability aspects in software engineering: the development process, maintenance process, system production, and system usage.
In this study, we consider sustainable m-learning application usage to depend on several important elements such as: (1) target users of the application, (2) user experience design of the application, and (3) users' emotional engagement. All these elements deal with users and the application design and development approaches.
3 The emotional engagement analysis (EEA) method
Measuring user experience and emotions
User experience measurement has been a key research topic in user experience domain. A variety of proposed user experience measurement approaches indicate that a commonly accepted measurement approach has not yet been identified. In the following, we disclose some of the recent approaches relevant to this study. Ardito et al. (2007) recommend a user experience evaluation to involve measurements of motivation, engagements, and social interactions. They propose various measurement techniques such as direct observation for behavioural analysis, capturing the users' first impressions via focus groups, questionnaires, and essays, and drawing analysis. Turner (2011) proposed metrics to measure return on investment (ROI) on user experience of a product. Their findings help practitioners to identify financial and non-financial metrics, help decision-makers balance between their values and the company's goals, and demonstrate positive ROI in UX activities. Tullis and Albert (2013) review and organise metrics for user experience measurements into six main categories: performance, issue-based, self-reported, web navigation, derived, and behaviour/physiological. They also recommend ten key points as guidelines to measure user experience, such as collecting continuously data from users and stakeholders, allocate budget for measurements, plan metrics beforehand, and benchmark the product's user experience. Moreover, Tullis and Albert (2013) promote to present the results of each key point as a story. This is aligned with the mLUX framework in which scenarios and stories are used to embed emotional and behavioural factors in the concept development phase of an m-learning application.
Finally, it is also possible to measure UX by analysing physiological data of the user. For example, Qu et al. (2016) proposed the use of eye-tracking technology for UX design of smartphone applications. Scherer (2005) explains that there is no single standard method to measure emotions, suggesting that there are subjective, behavioural (arousal), and physiological (bodily) components that have to be analysed separately. We recognise that these components suit for measuring emotional engagement related to m-learning application's user experience. In the following, Scherer's (2005) measurement components are explained with examples.
Subjective measurements
Researchers often employ subjective measurements to measure subjective behaviour with instruments such as questionnaires, rating dates, and experimental sampling. Scholars have also developed systematic subjective behaviour measurement approaches, including the Positive and Negative Affect Schedule (Watson et al. 1988 ). In such measures, users are asked how they currently feel (e.g. nervous, scared, inspired). Other methods, like the Stress Appraisal Measure (Peacock and Wong 1990) , measure the user's stress level. Finally, with the help of experience sampling methods (Conner et al. 2009) , it may be possible to capture people's emotions.
Behavioural measurements
Behavioural methods focus on the observational analysis of the user's behaviour. The behavioural measurement that this study firstly focuses on is the Facial Action Coding System (FACS) (Ekman and Friesen 1978) , which measures facial poses. For example, when experiencing happiness, we tend to smile. The second used measure is the Specific Affect Coding System (SPAFF) (Coan and Gottman 2007) , which measures emotions during interaction (e.g. between couples). Thirdly, emotions can also be identified by analysing users' text or speech (Strapparava and Mihalcea 2008) . In this study, we applied this in transcript coding of interviews. Fun and delightfulness can maximise learning among children (Fontijn and Hoonhout 2007) , and learning on a small-screen device requires that the user perceives the process to be fun (Marcus 2007) Reliability O'Neill (2012) presents that trust has become an important factor in any information system. Reliability, as a form of trustworthiness, refers to a willingness for acceptance based upon positive expectations (Dunn and Schweitzer 2005) Ibrahim and Walid (2014) address reliability as an important factor with respect to learning content accuracy and validity Adjustability Du et al. (2006) suggest that product customisation is an effective way of meeting the needs of individual customers. Adjustability refers to the feeling of being involved, engaged, and in control. Gorlatch et al. (2006) define an adjustable program as one that allows users to introduce changes and optimisations to the program Satisfaction Satisfaction refers to the level of fulfilment of one's needs, wants, and desires with regard to the expected quality (Morse 1997) . Haverila (2011) demonstrated that mobile phone user satisfaction is associated with repurchasing intent Sun et al. (2008) identified that the factors affecting satisfaction in e-learning are: learners' computer anxiety, instructors' attitudes towards e-learning, e-learning course flexibility, e-learning course quality, perceived usefulness, perceived ease of use, and diversity in assessments
Physiological measurements
In physiological measurement, researchers measure how the user's body behaves when emotions change. For example, we might consider using sensors to measure the autonomic nervous system (Kreibig 2010), brain waves (EEG) (Teplan 2002) , or anxiety level (electromyography, eye movements, and pupillometry) (Tichon et al. 2014 ).
EEA measurement criteria
Traditional emotion measurements, as illustrated in the previous section, are typically based on psycho-physiological instruments, whereas our emotional engagement analysis (EEA) is grounded on the user experience factors. The initial evaluation parameter targets users' acceptance of the application with a focus on usability, which we measure by effectiveness, efficiency, and satisfaction.
The details of the proposed emotional engagement analysis (EEA) measurement goals and criteria are presented in Table 2 . The criteria that we elaborate below are based on the pilot application performance and users' attitudes towards the application usage. Evaluation of learning performance is out of scope of this paper.
4 Pilot study: an adaptive m-learning application for driving school
Design process
The driving school application design process was conducted in 2013 and involved driving licence candidates (n = 7, 18-25 years old) and instructors (n = 5, 20-55 years old). In the user study phase, we utilised a web questionnaire and a diary to learn about users' daily activities, types of smart 
Subjective measurements
Learners feel that they have control of the application. They emotionally express as though the application is their own application (feeling of ownership)
Behavioural measurements
Observers find the learners being relaxed and do not express signs of stress or being lost with the application. Additionally, the learners have done the tasks before the allotted time expires Satisfaction Supports learners in performing essential education tasks. The application meets learners' educational expectations and preferences. In addition, students may study the material conveniently with the m-learning application
The m-learning application contains the preferred functionalities so that learners are capable of carrying out all the educational tasks, such as uploading assignments, providing answers and receiving feedback from instructors
Subjective measurements
Learners express their satisfaction with the application functionality. Learners express verbally that the application satisfies their educational needs in all the educational components (presentation, activity, communication, and administration)
Behavioural measurements
Observers find that the Learners do not express any frustrations while using the application Cogn Tech Work (2017) 19:303-313 307 gadgets used, most frequently downloaded and used mobile applications, and levels of computer knowledge. Next, we scheduled individual semi-structured interviews which took 20-30 min. After the user study phase, we applied transcript coding and affinity diagrams to explore the users' needs and requirements for the target application. We categorised a list of requirements based on priority levels and wrote scenarios in which the requirements were presented as potential application functions. We then shared the scenarios with six (n = 6) users to gather their feedback. Next, we began designing a paper-based prototype of the target application. The paper-based prototype was re-consulted with the users for final revisions of the concept. We then conducted a usability evaluation test on the proposed functional prototype. For the design theme, user experience factors were the focal point, including delightfulness, reliability, adjustability, and satisfaction of the learning application; this focus extended to all processes of the application design and development. Sample screenshots are presented in Fig. 1. 
Adaptation
The need for a context-aware implementation emerged during the design process. Firstly, the application needed to perform homogeneously on a wide variety of smart devices available on the market (e.g. operating systems, settings, screen resolutions, supported technologies). Secondly, the awareness of user behaviour as well as positioning in time and space was required. Thirdly, the data and presentation had to target at individual user's needs and capabilities to maximise the efficiency and efficacy of the learning process. In short, it was necessary to escape the one-size-fitsall limitation of traditional learning platforms.
When the user connects to the application service with a web browser, the user interface rendering component performs presentation adaptation (e.g. fluid layout), therefore, enabling a homogeneous and consistent user experience and user-related spatial context-awareness (e.g. geolocation). For presentation adaptation and UX tuning, the system uses open HTML5 standards and JavaScript libraries.
5 Evaluation of the driving school application's UX with EAA Table 3 presents a summary of our UX assessment results based on the EEA measurement criteria defined in Table 3 . The subjective and behavioural measurements were conducted during usability tests at a usability laboratory. The optimal situation would have been to create a behavioural checklist or to rate behaviours according to some model. However, in this study the observers took notes on users' behaviour from within the control room. Additionally, we analysed users' verbal expressions during the post-interview. The subjective and behavioural measurements in Table 3 demonstrate that the application appealed to learners by fulfilling their expectations related to educational activities. Learners were specifically delightful to have their freedom to study at anytime and anyplace. Having a ubiquitous access to learning content is considered as a positive experience for users. Fig. 1 Sample screenshots of the adaptive driving school application Furthermore, learners were delighted that they had instant access to an instructor's guidance in case they made an error. They felt that they were always connected with the school. For example, this was evident in the statement:''Great, instructor knows how far I've studied and what assignments I have done''. Learners, however, had some concerns about the reliability of the application in terms of whether their performance and records are saved properly and securely. Therefore, the feeling of insecurity to enter personal data at the beginning of the test was observable. However, learners developed their trust as soon as they received feedback from the system. Learners could adjust the form of communication with instructors and classmates. Instructors found the design of students' driving activities report template to be attractive and simple. Instructors were able to choose the report format, such as Excel sheet, Word document, or a colourcoded report in the browser. The results suggest that instructors were specifically delighted to be able to trace all learners' activities and learning paths at once using the automatic reporting tool. They were also delighted that they could communicate with students instantly through report notifications.
Learners trusted the application, as they did not encounter any connectivity problems or situations where they could not perform a task because of reliability issues. However, they showed some concerns about the performance of the application in offline mode and associated cost of the application usage in online mode.
To summarise, the EEA assessment results suggest several emotional engagements through the UX factors. Learners experienced delightfulness for having access to learning resources on a familiar device, being able to customise the application, and having adaptive learning content. The adjustability of the device, the learning content, and the look and feel developed the feeling of ownership in learners. Moreover, we received many feedbacks that indicate that the application fulfilled learners' expectations in spite of concerns on trustfulness of the application. Learners felt that the application is fun to use. They were able to perform tasks without any difficulties and were willing to use the application for a long period of time despite having other options, Learners could perform predefined tasks using educational components. There were, however, performance time differences among expert and novice users. Learners expressed their appreciation by having the driving license theory always with them as a mobile app. This was evident in learners' statements, such as ''Wow, I don't need to start from scratch, it checks how much I know and provides me content'', ''This is great, I wish to have similar app for all our courses at school'', and ''…Fun to study the boring theory on the mobile with an app''
Behavioural measurement Observers found that learners performed tasks without any difficulties, or any signs of confusions or stress during the test. Learners showed their delightfulness when all tasks were done Reliability Subjective measurement Learners showed their concerns on the trustworthiness of the application and about the reliability of data exchange, for example: ''Hope my information and the learning path are saved. I hate to start everything from beginning''
Behavioural measurement Observers noticed that learners hesitated to enter their personal information at the beginning of the test sessions, which indicated that learners did not consider the application to be trustful. This was also mentioned during interviews. Trust developed when learners realised that messages are saved and he received feedback from the system Adjustability
Subjective measurement
In semi-structured interviews, learners showed their appreciation for adaptivity of the application. Learners also expressed their satisfaction with the application adjustability (e.g. customisable theme), for example: ''I like that I was able to change the theme'' and ''Some applications do not support this''
Behavioural measurement Observers realised that learners customised the application. They were also able to define the learning formats, e.g. video or audio, for content Satisfaction Subjective measurement In general, learners were able to perform the requested tasks and were overall satisfied: ''Interesting app. The video clip helped me a lot to learn the theory''
Behavioural measurement Observers discovered that learners carried out the tasks without any signs of frustration or expressed signs of failure on the application's performance and the test tasks Cogn Tech Work (2017) 19:303-313 309 such as face-to-face lectures at the driving school and a webbased learning environment.
Discussion
Emotional engagement in m-learning
A usable m-learning application, to which users can engage emotionally, must compete for learners' time with other applications on the smartphone. Therefore, creating a positive and happy experience for learners affects the m-learning application's sustainable usage. Positive experience with an m-learning application is associated with user experience factors satisfaction and adjustability, which represent the usability side of the application assessment, and trustfulness and delightfulness of the application, which deal with the emotional side of the learner. Therefore, usability of the application plays an important role, but it is not sufficient to guarantee sustainable usage. Emotional factors are important in our daily decisionmaking and interactions with our surroundings, including other people, objects, and applications. Most of our decisions are based on emotions to which we apply logic for justification. This fact is also valid in m-learning application usage: learners' emotional engagement may increase sustainable usage of the application. Moreover, human beings have a tendency towards recognition, belonging (Kim et al. 2012) , and effectiveness. In an m-learning application, the feelings of recognition and belonging can be achieved by enabling learners to customise the application based on their preferences. This includes the learning content, the presentation mode, and the look and feel of the application. Customisable, adjustable, and adaptable applications result in mental satisfaction, which is at the root of human nature. Herzberg (2003) also recognises this issue as they elaborate on two types of human needs. The first type stems from humans' animal nature, including hunger. The other relates to desires unique to humans, including the ability to achieve and, through achievement, experience psychological growth. M-learning applications should allow users to develop the feeling of achievement by helping them to overcome problems through providing proper learning content in the context relevant to the problem. Verkasalo et al.'s (2010) findings emphasise that behavioural control is an important adoption factor for users because they are able to control the application. Additionally, they suggest that enjoyment and usefulness represent second and third behavioural factors for adoption of mobile applications and services. Our findings match those of Verkasalo et al. (2010) who also highlight the importance of fun, reliability, satisfaction, and adjustability in m-learning applications. Delightfulness, as well as reliability, adjustability, and satisfaction appear to provide means of emotionally engaging users with m-learning applications. In terms of service delivery, a delighted customer may purchase more items (Kwong Ka Kei 2006) ; in terms of m-learning applications, a delighted learner may be more motivated to use the application frequently.
Improving m-learning applications' sustainable usage
The user-centered design process according to ISO 9421-210 starts from the identification of the importance of UCD. This ensures user involvement in the design process. A systematic UCD process that is conducted specifically in the context of m-learning [e.g. mLUX (Dirin and Nieminen 2015) ] consists of several usability and user experience design and testing methods. The emotional engagement analysis (EEA) complements these methods (e.g. semistructured interviews, questionnaires and observations) in order to learn about users' emotional responses and relation to the m-learning application through the analyses of subjective and behavioural aspects. Subjective measurement is appropriate for collecting information about positive and negative feelings. Users are asked about their feelings and expectations on the application that they are using. This information can be gathered with semi-structured interviews, diaries, or questionnaires. In a questionnaire, questions such as what are the most intriguing applications in your phone would enable the developers to reflect on the features and characteristics of those applications in relation to the m-learning application under development. In an interview, questions such as why do I find this application engaging or intriguing enable users to elaborate on the emotionally engaging features. A simple diary enabling users to record positive and negative incidents with the application could provide a basis for the elaboration in the interviews.
The use of these methods, however, requires further specification and research.
The collected data from users are analysed to learn how users get intimated to use or abandon an application. This information helps designers to learn users' mental model of the potential application. Transcript coding of the semistructured interview plays an important role in assessing the user's emotional status. Quan and Ren's (2010) approach probes how users feel about the applications they use. This approach helps identify the user's expectations of the m-learning application to be developed. Additionally, affinity diagrams help to categorise the identified emotions and feelings.
Based on analysed data, an application concept is designed using a scenario-or storyboard-based design approach. Scenario-based design helps designers understand users' expectations and mental models of the target application. This approach is well suited as a basis for documenting the emotions and feelings in a story. The story can be described to contain the application requirements together with the associated emotions that result in positive user experiences. The scenario is then shared with potential users to review and provide feedback. In addition to collecting user feedback on application functionalities, the designers also focus on observing users' attitudes regarding the emotional side of the story. Designers can follow the user's emotional and facial gestures. After the users have reviewed the scenario, a semi-structured interview is a sound method for uncovering users' feelings. Designers can ask direct questions on how the user feels about the proposed concept at the various stages of the scenario.
Based on the analysis results from the scenario evaluation, the developers can create a low-/high-fidelity prototype and assess it with potential users in a usability laboratory for final refinement. Testing in a usability laboratory with video recording provides means for recording users' facial expressions and behaviour when they perform given tasks with the prototype. In this manner, the usability test session delivers information about users' subjective emotions regarding the prototype. The EEA criteria (see Table 2 ) provides a framework for analysing the results.
Emotional engagement
Sustainable usage of m-learning applications is linked to users' emotional satisfaction and engagement. A positive experience is developed when the learner is emotionally satisfied with the application. The learning objectives are adjusted with the learner's capabilities and competencies. Broadhurst (1957) identified that there is a relationship between the learner's motivation and the difficulty of a learning tasks. Therefore, learners require an optimal emotional engagement level to sustain motivation to learn. Emotional satisfaction is developed when the learner feels that the application is trustworthy and fulfils their essential pedagogical needs and expectations. The learner's emotional engagement to the application is affected by their feelings of trust and ownership, therefore increasing the feeling of optimism for future use of the application. In contrast, if the application does not fulfil the learner's pedagogical needs or if the learner feels that the application is not trustworthy, they may develop negative feelings, such as dissatisfaction. Rational decision-making is based on the types of emotions that we experience. Humans tend to be attracted more to positive emotions than negative ones. Therefore, sustainability of an m-learning application relies on supporting users' positive emotions towards the application. A sustainable and satisfying m-learning application can be adjusted by the user to match the evolving usage resulting in positive feelings and delightful experiences through reliable interaction.
Conclusions
Students are often required to use m-learning applications for long periods of time (Liu et al. 2010 ), but small devices and various contexts make m-learning challenging. They must find it easy and effortless to interact through a comprehensive user interface, and they must be able to perform tasks with optimal pace for learning.
It is, however, insufficient to merely focus on functional factors between users, their devices, and applications. This study recommends the use of user experience factors that can transfer the m-learning application development to the next level, focusing on learners' emotions as key sustainability factors. We propose four user experience factors that have impact on application sustainability: satisfaction and adjustability arise from the direction of usability whereas delightfulness and reliability relate to emotions and feelings. In order to embed the use of the user experience factors in practical application development work, we relate the UX factors with the concept design phase of the mLUX design framework. The mLUX framework embeds those four user experience factors as the elements to design for sustainable application usage.
Addressing emotional factors in addition to instrumental needs can result in increased learner motivation. For example, an authoritative role for users can be considered an important factor for sustainable application usage. This factor involves users' psychological commitment to the application, which is not directly contributing to actual learning. Ultimately, sustainability of m-learning applications can be achieved through a usable application adhering to pedagogical principles while, at the same time, engaging users emotionally.
Learners' emotional engagement increases acceptance towards new learning content, thus affirming sustainable usage. Positive emotions impact user behaviour during learning activities. Humans are more inclined to continue doing something if they have had a previous positive experience. Therefore, m-learning applications should strive for evoking positive experiences.
Finally, our study demonstrates that users' emotional attachment is an important factor for the target users. However, the result that this study addressed is based on qualitative data. Hence, we cannot derive a general conclusion about the all mobile learning application. As a future work, we have planned to investigate the results with a larger sample and in a different context.
